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Table 1 Initial chemical properties of Chinese fir leaf litter among different developmental stages
RENB CE& N& &= PE&E
Developmental stage C content/(g-kg™") N content/(g-kg™") P content/(g-kg™)
gk (18 @) 489+ 1.370 A 19.9+0.372A 0.487 +0.0133 A
AR (30 @) 493 +0.142 A 19.9+0.698 A 0.432+0.0146B
Ak (42 @) 490 £+ 0.211 A 19.3+1.030 A 0.503 +0.0135 A

e FSIARKS FREEORA R R BB E 253 2% (P <0.05)

Note: Uppercase letter in the same column showed significant difference between different developmental stages (P < 0.05)
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#*2 BE.AEME.SEHEREZEREINZAAZEN CINP REBEERENFITEHMEN
#m (F{E)
Table 2 Effects of temperature, developmental stage, decomposition time and their interaction effects on
C, N and P residual rates and stoichiometric characteristics of Chinese fir litters

(F value)

645 Indicator c N P C:N C:P N:P
TE 1.78 82.00" 7.497 45.00" 9.09” 39.40"

D 0.54 11.30" 1.66 6.12" 1.00 4.53
T 58.90" 37.207 53.10" 56.10" 54.30" 17.90”
TExD 5.44" 8.50" 0.78 14.50” 0.62 21.50"
DxT 6.36" 30.00" 1.90° 54.10" 1.05 1.65
TExT 10.20” 65.70" 1.27 39.80" 3.85" 26.00"
TExDxT 4.89" 10.50” 2.827 7.217 2.92" 9.26”

W *P<0.05; *P<0.01: TE-iRJ¥: D-KEME: T-7rfifli
Notes: * P <0.05; **P < 0.01; TE- temperature; D- developmental stage; T- decomposition time

W . S 264 d 1, 35 °C AFE R sk . i T 6.10%. 5.44%. 5.25%, H 255 35 C
ARG AR & C BRI K Y 25 °C TR H ALFRIE] Y 25 SR B W& K (P <0.01),

§ 100 100
T 90 90
B
=3 #0 80
O 70 70
o 60 60
2 150 150
[}
¥m 120 120
RE —
%g 90 90
zg 60 60
2 30
z 30
2 100 100 100
[} \
wE 80 80 80
25 60 60 60
a g 40 40 40
[0}
T 20 20 20 —
o 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
—a— T1 —— T2 —a— T3
3 fift Bt ]

Decomposition time/d

T L1 S g ARIATE R, L2 51 R bkt L3 SId SR & it s T1 0 25 C 403, T2y 30 °C 4b3E, T3y 35 C bHl; AR/NEGFH
FRI— & B W BOZ LI [RLSOR R Z FC R R AR EF BE (P <0.05), RFEKE FHEFR AR B AL T 1% B i 8] SR R & B B Bt
FREELRRE (P<0.05)

Notes: L1 represents middle stage, L2 represents mature stage, and L3 represents over-mature stage; T1 is 25 °C treatment, T2 is 30 C
treatment, and T3 is 35 C treatment; different lowercase letters indicate significant differences in elemental residue rates among different
temperature treatments at the same developmental stage at each time (P < 0.05) , and different uppercase letters indicate significant differences
in elemental residue rates among different developmental stages at the same temperature treatment at each time (P < 0.05)

E1 AEEETABEZEMEEZREETHEIRESR CIN.PRBENTH
Fig.1 Changes of the residual rates of C, N and P of leaf litter among different developmental Chinese fir
plantation under different temperature treatments

VR AR N AR R R R AR RN E AR, THEALEE (35 °C) BEWINT
AR . i 16 d IV, AL BN AR BRI N sk R, BT HRAREE (35 °C)
B ErBO v I N SR R R AR R R, WA T PR AR v N sR B R
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BT 18.0%. 14.1%. 7£ 30, 35 C AbFETF,
PR 75 o3 i o 2 v R P AR BR R KT i
Y SIB V.Y
22 BEASHARELEMELZABEMNSHET
&R C NP o iR RN

. FH Olson Fig % Jali A5 74 X6 AN [] L BE A P 4%
REWBAARMEN C. N, PILEEEE (E)
St () #ATRA (£ 3), S5HEN, CRE
R AR A B B EAKE, N, PR RIS
RIS IR F) K (P <0.05), bk, i3
MRAZ AN I5 1o ff a2 b 30 °C bR R C R AL

AERELETEEZEHRIZAEZM C.INP S FiEZR

Table 3 Average decomposition rates of C, N and P of leaf litter among different developmental stages under
different temperature treatments

— bR (i REM B G AR G A 95% 43 fif B 5 Fef 17 MR RE )
EIéLr"int Temperature Developmental Decompqsition Decompc_)sition 95% de_composition Corre_lgtion Pl\jgﬁue
treatment stage equation coefficient time/a coefficient
EEFZI y=56.3e 4 0.412 7.27 0.347 P>0.05
25 C JER y=56.7¢"%%" 0.391 7.66 0.334 P>0.05
PUR TN y=57.4e70%78 0.378 7.93 0.337 P>0.05
EEFZI y=57.0e"%% 0.383 7.82 0.338 P>0.05
c 30C JR A y=59.8¢ %% 0.506 5.92 0.464 P<0.05
PUR TN y=56.770:4%% 0.465 6.44 0.390 P>0.05
EEFZI y=58.3e %4 0.456 6.57 0.401 P>0.05
35 C R y=56.4¢ %% 0.379 7.91 0.327 P>0.05
PUR TN y=57.2¢703% 0.340 8.81 0.303 P>0.05
EEFYN y=81.3g 0% 0.905 3.31 0.569 P<0.01
25 C DN y=80.1¢70%4 0.945 3.17 0.666 P<0.01
o Bk y=76.8e 70778 0.778 3.85 0.537 P<0.05
A y=108 e 1.390 2.16 0.775 P<0.01
N 30 C DN y=86.9¢ ™" 1.320 2.27 0.829 P<0.01
i bk y=94.0e707%" 0.737 4.07 0.957 P<0.01
A y=93.5¢707"% 0.710 4.22 0.708 P<0.01
35C DN y=114. ¢4 1.440 2.08 0.838 P<0.01
BUR 77N y=93.2¢ 0% 0.936 3.20 0.601 P<0.01
RV y=.79.7e708% 0.695 4.31 0.614 P<0.05
25 C R y=75.0e704%% 0.462 6.48 0.589 P<0.01
BUE (77N y=74.6e70% 0.503 5.96 0.513 P<0.05
EHEIN y=73.5¢708% 0.809 3.70 0.711 P<0.01
P 30 C R y=75.2e 047 0.479 6.25 0.464 P<0.01
BUE (77N y=72.1e707% 0.738 4,06 0.654 P<0.05
EREZN y=65.2e 070" 0.701 4.27 0.555 P<0.05
35C DR TS y=73.7e°7" 0.751 3.99 0.553 P<0.05
T #AR y=65.53¢708% 0.895 3.35 0.561 P<0.05
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[t 25 C AL FRG5% T 22.7% Fi 18.8%, MK .
b BRI VA e 35 C AL FETR N R FE I
25 °C /4550 T 34.4% F116.9%, P JAHE4 5
455 T 38.4% F143.8%.
23 BEASHAREEMEEZARBEMNSMET
2 C.N.P &S FITEHERN MM

W EE W 2208 (R2) Arg, JREE.
KB Wy BE K fgg st ) %o RV o i AR C 2 N
C:P. N:PAMLYA WEEW (bRET b Bt
C:PZmAL ), WE x k& B B3 B AL A
C : NI N : PRgmiikt B EKF, ZEBE x &
fi st RIS AN R C = N MM 2, TR x 4fii

BE] . EE x & B BB x A3 fiff B (] 28 B 4800 %t
C:N. C:PFIN: Pk,

AN E B BB AR o ffad B C - N &
Wsh Bk, C: NASIRE A 9.32~39.0 (Kl 2), %
KB B BT it B ¥ R Bk 25 C kb PR
T C: NBASE KT 35 C LB (B i pkI g i
fi#s 30 d, WEAMRIHIE IS0 30, 172d, ik
JAVE 43R 30, 264 d Ak ). o, Hik AR 75
MRS 72, 264 d, BUEVKRATRREES 15, 72d.
118 d, BRI 15, 72, 118 d W HRIA
25 °C AbFE C : N BE T 35 C ¥ (P <0.05),

0 L. L1 A 40 ¢ L2 o 40 L3
aAa A a a Aa
30 ¢ p b i LB B 30 i ap[]A 30 + b g o AaBb 8a
Z Ba ti\b Ab El Al b
G 20 20 B 20 A c
Bb B b
B 50 c
10 10 10
0 0 0
2200 ¢ B 2200 1 2200
Aa a2
1650 by Aab 1650 1650
B
& 1100 (Bes { 1100 1100 H
550 550 550
0 0 0
160 160
Aa a Aa
120 | . Al o 120
Ab
& gt BA B { 80
z Ba
40
0 0
0 15 30 72 118 172 264 0 15 30 72 118 172 264 0 15 30 72 118 172 264
COMCT2mmT3
Sy figk et i)

Decomposition time/d
TE: L1 30 bk e nt, L2 51 iy, L3 5 i A gt T1 25 26 C 4b3H, T2 30 °C AL, T3 9 35 C ALRE; AR/NGFH)
FrR Al — & B WY BOz BURE i ) SR TR 2Z b f i i 22 5 W (P < 0.05), RIFIKE “FaE 37 A IR B A0 R 12 BRI ] SOR ) & 5 B Be ik
iR BE (P<0.05)

Notes: L1 represents middle stage, L2 represents mature stage, and L3 represents over-mature stage. T1 is 25 °C treatment, T2 is 30 C

treatment, and T3 is 35 °C treatment; different lowercase letters indicate significant differences among different temperature treatments at the
same developmental stage at each time (P < 0.05), different uppercase letters indicate significant differences among different developmental
stages at the same temperature treatment at each time (P < 0.05).

B2 AEREETAREZEMEEZAKEEHFEEREPLFITEHRNTN
Fig. 2 Changes of stoichiometric ratios of leaf litter among different developmental Chinese fir plantations
under different temperature treatments

& KB B B2 KPR T ooy ff A 0~ 172 d Bif
C: PZirii kK, 172~264 d if C : P B /)N,
HEE i #dh C : P ASHEAE 949~2 194 2
| (B 2), AN[FEEE BB &5 ff o 72

C: PHEI 35 C AR T 25 C b3 (R
MRUATE /3% 15, 30, 264 d 4h ), Hd, i
Ak UH V& 4y % 30, 264 d, 5 Bbk 4y i 30
118 . 172 d W P> il 4 381 1) 22 St 3k B 357K
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(P<0.05). 24 BERAZFENHSHEEES CINPERERREE

AR E BB AR IE M it B N - P &
Bk (Bl 2), N: P AL I 32.7~
153, PR Ak 30 d, MRS 30, 172,
264 d, iFEMRME 30 d b, &K TR Bt R
1Rk 35 C BT N : P T 25 «C b3, H
o, AR IS 15, 172, 264 d, Ik
15, 72, 118 d, i B 4R 15, 72,
118, 172 d I WA B b B i) 25 52 3K 1 3% /KO
(P<0.05),

T EYFERIHE X

EAREEN g C. N, PARERF N H
fe2Fit AR Z (A E B A DG (K 4), H
H, EAREEN MR SR CEHC:N, C: P&
WBEFMAL (P<001), 5NEBEFHL
(P<005); NS C:NEWBERMELX, 5
N:PEWRBEFFEML PEFC:P, N:PEHK
BEAMIE; N:P5 C:NEWKEERHL,
5C: P 2B EEMK,

K4 ERAENSHEITES CN.PERBERENAITEHMEZ BIRIMEXE
Table 4 Correlation analysis between C, N and P residual rates and their stoichiometric ratios in leaf litter of
Chinese fir plantations during decomposition process

545 Indicator C N P C:N C:P N:P
c 1.000
N -0.163" 1.000
P -0.108 -0.035 1.000
C:N 0.266" -0.944" 0.039 1.000
C:P 0.404" -0.038 -0.918" 0.066 1.000
:P -0.084 0.859" -0.486" -0.821" 0.427" 1.000

VE/Notes: * P <0.05; **P <0.01

3 i
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R

PVEY RS R AR S R G FRATIAA 1) EBR
B, BEREE . WA ML A A A 3 A
P, AWK, AWM CEZAEV TR
PR — R AR, X T P AROR A
M, THEASFEX /AT 172 d AR C 5%
BRI AN R, (HFHEATE (35 °C) S
fift 172, 264 d BHR7EM C R R BEMT 25 C
AFE (R 1), SAIATHEMR T XA T B B2
ARG CEMBE . TEREY 7 0~172 d
W, RER AR IR 5 5 ik S
Rl AR, 2RI s A, R IR A
FEXF By st R v C RS i SR BH G, T A
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BT WYY A C Bk, X 585 A
IS R T BOR Pl S A% 04 T2 b AN I R E 1
Je 1 C BEICE P i) 2 AR I,

AR N RIEE S B R ew ARG
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fif it B P A X N R, gl 15d N
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B YR i N ALY, ZHiResm e A
BXN T, R N B, HAREE
B BOAZ A U v I N OB A DB AN ], bl A %
HAMRES 72, 172, 264 d, MBIk i Bk S3-i
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Carbon, Nitrogen and Phosphorus Release and Their
Stoichiometric Ratio Change During Decomposition of
Cunninghamia lanceolata Leaf Litter at Different Temperatures

ZOU Zhi-guang'?, ZHANG Ma-xiao*, HUANG Xiao-yan'®, ZHANG Xin-yang',
LI Shu-bin'?, ZHOU Li-Ii*®

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China; 2. College of Geography

and Oceanography, Minjiang University, Fuzhou 350108, Fujian, China; 3. Chinese Fir Engineering Technology Research

Center of the National Forestry and Grassland Administration, Fuzhou 350002, Fujian, China; 4. College of Resources and
Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China)

Abstract: [Objective] To explore the effects of rising temperature on the release of carbon (C), nitrogen (N)
and phosphorus (P) during leaf litter decomposition of Chinese fir at different developmental stages and
their stoichiometric variations under the scenarios of climate warming. [Methods] The leaf litter of Chinese
fir at three developmental stages, i.e. middle-aged forest (18-years old), mature forest (30-years old) and
overmature forest (42-years old), was collected for decomposition experiments at three temperature treat-
ments (i.e., 25, 30 and 35 °C). [Results] (1) During the 264-day decomposition period, the residual rates of
C, N and P in leaf litter at each development stage generally decreased over time. The residual rates of C,
N and P showed patterns with release-enrichment-release, release-release, and release-enrichment, re-
spectively. (2) The results of Olson fitting model revealed that the N turnover time of mature forest and
over-mature forests during litter decomposition was shortened by 34.4 and 16.9%, respectively under 35
°C compared with 25 “C. In comparison, the P turnover time was shortened by 38.4% and 43.8%, respect-
ively. (3) During litter decomposition, the ratios of C : N and N : P generally fluctuated, and C : P in-
creased first and then decreased. The variation of C : N, C : P and N : P ratios were 9.32-39.0, 949-2 194
and 32.7-153, respectively. In the decomposition process of leaf litter, rising temperature increased C : P,
N : P, and decreased C : N. [Conclusion] Rising temperature can shorten the turnover rate of N and P
during litter decomposition in mature and overmature forests by increasing C : P and N : P ratios during lit-
ter decomposition, indicating that litter decomposition of Chinese fir is obviously limited by P. It is sugges-
ted to appropriately increase the application of P fertilizer according to the growth needs of Chinese fir at
different developmental stages.

Keywords: Chinese fir; different developmental stages; leaf litter; rising temperature; carbon, nitrogen
and phosphorus; stoichiometric ratios
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